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©  Concentric  core  optical  fiber  with  crosstalk  barrier. 

  An  optical  fiber  having  concentrically  arranged  cores 
(12,  16)  for  transmitting  an  optical  signal.  The  cores  are 
separated  by  a  cladding  layer  (14)  that  includes  a  ring  portion 
(20)  for  trapping  light  and  preventing  crosstalk  between  the 
cores  (16,  18). 



This   i n v e n t i o n   r e l a t e s   to  an  o p t i c a l   f i b e r   as  se t   f o r t h  

in  the  p r e a m b l e   of  c l a i m   1 .  

C o n c e n t r i c   co r e   o p t i c a l   f i b e r s   i n c l u d e   a  c e n t r a l   or  i n n e r  

core   s u r r o u n d e d   by  a  c l a d d i n g   w h i c h ,   in  t u r n ,   is  s u r r o u n d e d  

by  a  c o n c e n t r i c   o u t e r   co re   w h i c h ,   in  t u r n ,   is  s u r r o u n d e d  

by  an  o u t e r   c l a d d i n g   L a y e r .   By  p r o p e r l y   r e l a t i n g   the   i n d i c i e s  

of  r e f r a c t i o n   b e t w e e n   the   d i f f e r e n t   c o r e s   and  c l a d d i n g s ,  

both   c o r e s   can  t r a n s m i t   an  o p t i c a l   s i g n a l   via   the  p r i n c i p l e s  

of  i n t e r n a l   r e f l e c t i o n .   Such  f i b e r s   have  found   u s a g e ,   f o r  

e x a m p l e ,   in  m i l i t a r y   a p p l i c a t i o n s   w h e r e i n   the  i n n e r   c o r e  

c a r r i e s   an  i n f o r m a t i o n   s i g n a l   and  the   o u t e r   core   c a r r i e s  

a  jamming  s i g n a l   to  p r e v e n t   u n a u t h o r i z e d   a c c e s s   to  t h e  

i n f o r m a t i o n   s i g n a l .   An  e x a m p l e   of  such  a  f i b e r   is  d i s c l o s e d  

in  DE-OS  26  28  5 6 1 .  

A  p r o b l e m   wi th   c o n c e n t r i c   core   f i b e r s   is  the   c r o s s t a l k   b e t -  

ween  the  c o r e s ,   t h a t   i s ,   the   L i g h t   s i g n a l   from  one  c o r e  

mix ing   wi th   the   s i g n a l   from  the   o t h e r   core   so  t h a t   the   s i g -  

nal   in  the  o t h e r   core   is  d i s t o r t e d .   C r o s s t a L k   o c c u r s   a s  

a  r e s u l t   of  s c a t t e r e d   L igh t   which  is  p r e s e n t   due  to  i m -  

p r o p e r   s i g n a l   i n j e c t i o n ,   m i c r o b e n d s   in  the  f i b e r   a n d / o r  



p e r t u r b a t i o n s   in  the   f i b e r .  

A c c o r d i n g L y ,   the   o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e   a n  

o p t i c a l   f i b e r   of  the   above   k i n d   in  which  such  c r o s s t a l k   i s  

a v o i d e d .  

T h i s   o b j e c t   is  a t t a i n e d   as  s e t   f o r t h   in  c l a i m   1.  P r e f e r r e d  

e m b o d i m e n t s   a re   g i v e n   in  t he   s u b c l a i m s .  

The  i n v e n t i o n   w i l l   now  be  e x p l a i n e d   in  more  d e t a i l ,   by  

way  of  e x a m p l e ,   wi th   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,  

in  w h i c h :  

F i g u r e   1  is  a  c r o s s - s e c t i o n a l   view  of  an  o p t i c a l   f i b e r   i n  

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ;   a n d ,  

F i g u r e   2  is  a  g r a p h i c   r e p r e s e n t a t i o n   of  the   v a r i a t i o n   o f  

the   r e f r a c t i v e   i ndex   a l o n g   the   c r o s s - s e c t i o n   of  the   f i b e r  

shown  in  F i g u r e   1 .  

In  F i g u r e   1,  t he   o p t i c a l   f i b e r   10  in  a c c o r d a n c e   wi th   t h i s  

i n v e n t i o n   is  shown  as  i n c l u d i n g   an  i n n e r   c o r e   12  of  s u i t a b l e  

L i g h t   t r a n s m i t t i n g   m a t e r i a l   h a v i n g   an  i n d e x   of  r e f r a c t i o n  

N1.  Around   t h i s   co re   12  is  f o r m e d   a  f i r s t   c l a d d i n g   Layer   1 4 ,  

f o r m e d   o f  a   s u i t a b l e   m a t e r i a l   and  h a v i n g   an  i n d e x   of  r e -  

f r a c t i o n   N2  which   is  Lower  t h a n   the   i n d e x   of  r e f r a c t i o n   N1.  
With  t h e   i n d i c e s   of  r e f r a c t i o n   b e t w e e n   the   co re   12  a n d  

the   c l a d d i n g   Layer   14,   L i g h t   can  be  t r a n s m i t t e d   a l o n g   t h e  

c o r e   12  by  the   i n t e r n a l   r e f l e c t i o n   t h e r e o f   at  the   i n t e r -  

f a c e   of  the   c o r e   and  the   c l a d d i n g .  

Around   the   c l a d d i n g   Layer   14  is  f o r m e d   a n o t h e r   or  o u t e r  

co re   16  a l s o   of  s u i t a b l e   L i g h t   t r a n s m i t t i n g   m a t e r i a l .   The 



o u t e r   core   16  is  g e n e r a l l y   c o n c e n t r i c   wi th   r e s p e c t   to  t h e  

i n n e r   core   12  and  has  an  i ndex   of  r e f r a c t i o n   N3  which  i s  

h i g h e r   t h a n   the   i n d e x   of  r e f r a c t i o n   of  the   c l a d d i n g   L a y e r  

14.  T h u s ,   the   co r e   16  is  s p a c e d   f rom  the   i n n e r   co r e   12  by  

the  c l a d d i n g   Layer   1 4 .  

Around  the  co r e   16  is  f o rmed   a n o t h e r   or  o u t e r   c l a d d i n g  

l a y e r   18  f o r m e d   of  a  s u i t a b l e   m a t e r i a l   and  h a v i n g   an  i n d e x  

of  r e f r a c t i o n   N4  which  is  Lower  t h a n   t h a t   of  the   i n d e x   o f  

r e f r a c t i o n   N3  of  the   core   16.  With  N3  b e i n g   h i g h e r   t h a n   N2 
and  N 4 ,  l i g h t   can  be  t r a n s m i t t e d   a l o n g   the   o u t e r   co r e   16  

a l s o   by  the   i n t e r n a l   r e f l e c t i o n   t h e r e o f   at  the-  i n t e r f a c e s .  

In  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n ,   t he   i n n e r   c l a d d i n g  

Layer   14  is  f o r m e d   wi th   a  r e l a t i v e l y   t h i n   c o n c e n t r i c  

r i n g   20  of  L i g h t   t r a n s m i t t i n g   m a t e r i a l   h a v i n g   an  i n d e x   o f  

r e f r a c t i o n   N5  which  is  h i g h e r   t h a n   the   i n d e x   of  r e f r a c t i o n  

of  the   i n n e r   c l a d d i n g   Layer   14.  With  t h i s   a r r a n g e m e n t ,   t h e  

r i n g   20  s e p a r a t e s   b e t w e e n   the  c o r e s   12  and  16  and  fo rms   a 

b a r r i e r   t h e r e b e t w e e n   t h a t   t r a p s   any  L i g h t   r e f r a c t e d   f r o m  

the   c o r e s   i n t o   the   c l a d d i n g   L a y e r .   P r e f e r a b L y ,   the   i n d e x  

of  r e f r a c t i o n   N5  is  at  Leas t   as  h igh   as  the   i ndex   of  r e -  

f r a c t i o n   of  the   c o r e s   12  and  16.  M o r e o v e r ,   the   r i n g   20  

s h o u l d   i n c l u d e   a  m a t e r i a l   for   e n a b l i n g   i t   to  a b s o r b ,   r a t h e r  

t han   t r a n s m i t ,   the   L igh t   it   t r a p s .   By  so  a b s o r b i n g   the   l i g h t ,  

i t   is  not  d i s c h a r g e d   at  the  o u t p u t   end  of  the   f i b e r   10  a n d  

m i n i m i z e s   p r o b l e m s   a s s o c i a t e d   wi th   c o u p l i n g   the   f i b e r   t o  

a  r e c e i v e r .  

As  can  be  seen   in  F i g u r e   2,  the   r e f r a c t i v e   i ndex   p r o f i l e  

fo r   a  p a r t i c u l a r   f i b e r   in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n  

is  i l l u s t r a t e d .   The  r e f r a c t i v e   i ndex   p r o f i l e   of  the   c o r e  

12  is  the  c h a r a c t e r i s t i c   p a r a b o l i c   p r o f i l e   of  a  g r a d e d  



i n d e x   f i b e r   and  is  shown  at  N1.  The  i n c r e a s e d   i n d e x   N 5  o f  
the   r i n g   20  is  o u t w a r d l y   a d j a c e n t   the   p a r a b o l i c   i n d e x   o f  

the   c o r e   and  o u t w a r d l y   a d j a c e n t   the  i ndex   p r o f i l e   of  t h e  

r i n g   is  t h e   i n d e x   N 3  p r o f i l e   of  the   o u t e r   co r e   1 6 .  

In  a  p r e f e r r e d   f i b e r   10 ,   t he   c o r e s   12  and  16  a re   made  o f  

a  h igh   q u a l i t y   g l a s s   such  as  f u s e d   s i l i c a   or  f u s e d   s i l i c a  

doped   w i t h   a  s u i t a b l e   m a t e r i a l   i n c r e a s i n g   i t s   i n d e x   o f  

r e f r a c t i o n .   Such  m a t e r i a l s   a re   we l l   known  in  the   a r t   a n d  

i n c l u d e   g e r m a n i a   and  p h o s p h o r u s .   S i m i L a r L y ,   the   c l a d d i n g  

L a y e r s   14  and  18  can  be  made  of  f u s e d   s i l i c a   or  s i l i c a  

doped   w i t h   b o r o n   o r  f l u o r i n e   which  e l e m e n t s   r e d u c e   t h e  

i n d e x   of  r e f r a c t i o n   of  t he   s i l i c a .   C o m b i n a t i o n s   of  v a r i o u s l y  

doped   s i l i c a   L a y e r s   to  p r o v i d e   an  o p t i c a l   f i b e r   a re   w e l l  

known  to  t h o s e   s k i l l e d   in  the   a r t ,   and  a  more  d e t a i l e d   e x -  

p L a n a t i o n   is  not   n e c e s s a r y   f o r   an  u n d e r s t a n d i n g   of  t h i s  

i n v e n t i o n .  

The  r i n g   20  is  doped   to  r a i s e   i t s   i n d e x   of  r e f r a c t i o n ,   f o r  

e x a m p l e ,   i t   can  be  doped   w i t h   g e r m a n i a .   P r e f e r a b L y ,   t h e  

r i n g   a d d i t i o n a l l y   is  doped   w i th   a  m a t e r i a l   t h a t   a b s o r b s  

L i g h t   at  t he   a p p r o p r i a t e   w a v e l e n g t h ,   fo r   e x a m p l e ,   b o r o n ,  

c o b a l t   or  n i c k e l .   Such  m a t e r i a l s   s h o u l d   not  r e q u i r e   i r -  

r a d i a t i o n   to  become  a b s o r b e n t   at  the   d e s i r e d   w a v e l e n g t h .  

The  f i b e r   10  can  be  made  in  a c c o r d a n c e   wi th   any  c o n v e n t i o n a l  

m a n u f a c t u r i n g   p r o c e s s .   T h u s ,   a  m o d i f i e d   c h e m i c a l   v a p o r  

d e p o s i t i o n   p r o c e s s   (MCVD)  or  a  v a p o r   a x i a l   d e p o s i t i o n   p r o -  

c e s s   (VAD)  or  a  rod  in  t u b e   p r o c e s s   can  be  u t i l i z e d .   I f  

an  MCVD  p r o c e s s   is  u s e d ,   the   o u t e r   c l a d d i n g   Layer   18  c o u l d  

be  the   s u b s t r a t e   t u b e   u sed   in  such  p r o c e s s   or  c o u l d   b e  

s u r r o u n d e d   by  t h a t   t u b e .  



1.  O p t i c a l   f i b e r   h a v i n g   an  i n n e r   c o r e ( 1 2 ) f o r   t r a n s m i t t i n g  

a  l i g h t .  s i g n a l   and  a  c o n c e n t r i c   o u t e r   co r e   (16)  f o r   t r a n s -  

m i t t i n g   a n o t h e r   L igh t   s i g n a l ,   s a i d   c o r e s  b e i n g   s e p a n a t e d  

from  each   o t h e r   by  a  c l a d d i n g   Layer   (14)  h a v i n g   an  i n d e x  

of  r e f r a c t i o n   l e s s   t han   t h a t   of  s a i d   c o r e s ,   c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  t h a t   s a i d   c l a d d i n g   Layer   i n c l u d e s   a 

r e l a t i v e l y   t h i n   r ing   (20)  fo r   t r a p p i n g   any  L i g h t   t r a n s -  

m i t t e d   f rom  one  core   t o w a r d   the   o t h e r .  

2.  An  o p t i c a l   f iber   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d .  i n  

t h a t   s a i d   r e l a t i v e l y   t h i n   r i n g   (20)   i n c l u d e s   a  L i g h t   a b -  

s o r b i n g   m a t e r i a l   for   a b s o r b i n g   L i g h t   t r a p p e d   t h e r e i n .  

3.  An  o p t i c a l   f iber   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   t h e  i n d e x   of  r e f r a c t i o n   of  s a i d   r i n g   (20)  is  h i g h e r  

t h a n   t h a t   of  s a i d   c l a d d i n g   l a y e r   ( 1 4 ) .  

4.  An  o p t i c a l   f iber   as  c l a i m e d   in  c l a i m   3,  c h a r a c t e r i z e d   i n  

t h a t   the   i ndex   of  r e f r a c t i o n   of  s a i d   r i n g   (20)  is  at  L e a s t  

as  h igh   as  t h a t   of  s a i d   c o r e s   ( 1 6 ,   1 8 ) .  

5.  An  o p t i c a l   f iber   as  claimed  in  any  of  the  p receding   c l a i m s  

c h a r a c t e r i z e d   in  t h a t   s a i d   c o r e s   ( 1 2 ,   16)  and  s a i d   c l a d d i n g  

(14)  a re   made  of  s i l i c a   m a t e r i a l   and  t h a t   s a i d   r i n g   ( 2 0 )  



is  doped   w i t h   L i g h t   a b s o r b i n g   m a t e r i a l .  

6.  An  o p t i c a l   f i b e r   as  claimed  in  claim  5,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   r i n g   (20)   is  doped   w i t h   an  e l e m e n t   s e l e c t e d   f r o m  

the   g r o u p   c o n s i s t i n g   of  b o r o n ,   c o b a l t   and  n i c k e l .  

7.  An  o p t i c a l   f i b e r   as  claimed  in  any  of  the  preceding  c l a i m s ,  
c h a r a c t e r i z e d   in  t h a t   i t   i n c l u d e s   an  o u t e r   c l a d d i n g   L a y e r  

(18)   s u r r o u n d i n g   s a i d   o u t e r   c o r e   ( 1 6 ) .  
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